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(54) Nonvolatile semiconductor memory device having te^ circuit for testing erasing function 
thereof 



(57) The nonvolatile semiconductor menx>ry of tlie 
present invention has erase circuits 30 for supplying 
predetermined voltage to corresponding t^Iocks, respec- 
tively. Each of the erase circuits 30 comprises an erase 
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address detection drcuit 33 for detecting whether an 
erase transistor 31 conducts a switcfung operation in 
accordance with a block address signal. 



VIPP 
P 





f 


omvift 

UEAM 


a 6IGNAL 



4 



TRANSISTOR 

onivtNQ 

SIGNAL 



80 



CRASINO ADDRESS 
DETECTION OftCUIT 



33 



, TO 
MEANS 



Fig. 3 



CM 
< 

CD 

00 

o 

Q. 

HI 



Printod b/ Xerax (UK) BusItmss Senrtoes 
2.16.3/3.4 



Rfsieinrr:irv <rp 064461 0A2 I > 



1 



EP0844 619A2 



2 



Description 

Background of the Invention 

1 . Held of the Invention 

The present invention relates to a nonvolatile semi- 
conductor memory device built in a microcomputer or 
the like, and particularly, relates to a nonvolatile semi- 
conductor memory deovice for testing an erasing func- 
tion thereof. 

2. Description of the Related Art 

As a nonvolatile semiconductor menx}ry, there have 
been conventionally proposed a flash memory and an 
Electrically Erasable and Programmable Read Only 
Memory (EEPROM) capable of batch-erasing data or 
erasing data in units of blocks. 

The nonvolatile semiconductor memory of this type 
requires testing erase functions of respective blocks 
prior to shipment as a product. The test has been con- 
ventionally conducted by the fbllowving metiiod. 

In the conventional test method. "1" is written to all 
memory regions and tfien to-be-erased blocks are 
sequentially selected one by one. Erase operations in 
units of blocks are confirmed and it is also confirmed 
that the to-be-erased blocks and tiie ottier blocks do not 
interfere with each other. 

The nonvolatile semiconductor memory of this type, 
however, takes long time to erase data of a block. Due 
to this, such a test metfiod has a disadvantage in that as 
storage capacitor increases, it takes conskJerable time 
to carry out tiie test. Assume that, for exanple, it takes 
two seconds to erase one block and that the number of 
blocks is 32. In that case, it takes about one minute to 
conrplete the erase test in the entire nonvolatile semi- 
conductor memory. 

To overcome the disadvantage, there has been pro- 
posed, for example, a tectinique disclosed in the Japa- 
nese Unexamined Patent Put^llcation No. 4-260000 (to 
be refened to as Reference hereinafter). 

The nonvolatile semiconductor menfK>ry in the Ref- 
erence comprises a memory cell array consisting of a 
plurality of blocks, an erase line driver array consisting 
of a plurality of erase line drivers provided correspond- 
ing to the plurality of blocks and a row decoder having 
an erase block decoder for outputting a signal to drive 
the plurality of erase line drivers. 

The nonvolatile semiconductor memory in the Ref- 
erence is characterized in tiiat, if a test signal transmit- 
ted from the outskJe is turned on, the erase block 
decoder provided in the row decoder outputs a signal for 
simultaneously driving erase line drivers to either an 
even numljer block group consisting of t>locks given 
even numbers or an odd number block group consisting 
of blocks given odd numbers among the plurality of 
t)tocks in aocx>rdance with the designation of an address 



buffer. 

Therefore, according to the nonvolatile semicon- 
ductor menrory having tiie above-stated structure in the 
Reference, it Is possit)le to confinm adjacent blocks do 
5 not interfere with one another in erase operation and to 
greatly shorten erase test time by conducting two erase 
tests, that is, an even numt>er block group erase test 
and an odd numbered t>lock group erase test 

The nonvolatile semiconductor memory in the Ref- 
10 erence. however, has the following disadvantages. 

As taught by the Reference, the erase block 
decoder in the nonvolatile semiconductor memory is a 
logic circuit wherein an address signal for designating 
an address and a test signal are inputted and, if the test 
15 signal is turned on, only the least significant bit among a 
plurality of bits constituting a binary bit string indicated 
by the address signal is associated with output 

In other words, in the erase block decoder in the 
Reference, when tfie test signal is turned on, the batch 
20 erase tests conducted to the above-stated even number 
block group and odd number block group have the same 
result even if significant l>its other than the least signifi- 
cant bit of the address signal have defects. 

Meanwhile, if the test signal is turned off ard erase 
25 operation is canied out by actually designating respec- 
tive blocks indepeiKlentiy. parts of the erase block 
decoder relevant to all of the bits of the address signal 
have to. of course, perform normal logic operation. 

Accordingly, the nonvolatile semiconductor memory 
30 in the Reference can judge whether or not adjacent 
blocks interfere witti one another in erase operation; 
however, tiie erase test needs to be conducted by 
sequentially designating blocks as in the case of the 
conventional method if it is judged whether or not tiie 
35 bk>cks can be erased independentiy of one anottier. 

As can be understood from the abovei, the nonvola- 
tile semiconductor memory in the Reference disadvan- 
tageously takes great time to conduct the erase tests 
completely. 

40 

Summarv of the Invention 

It is therefore an object of the present invention to 
provide a nonvolatile semiconductor memory capable of 

45 overcoming the above-described diseKtvaitages of the 
Reference and shortening erase test tima 

To obtain the above object, according to the pi^esent 
invention, a desired nonvolatile eemicortductor memory 
is constituted based on a principle as described below. 

so Generally, erase circuits provkled corresponding to 
tfie blocks comprise erase transistors for carrying out 
switehing operations in accordance with an address sig- 
nal, respectively, to supply predetermined voltage to the 
respective blocks In erase operation. In this case, it 

55 takes time on a second-time scale to erase the t>locks 
whereas it takes tiie erase transistors only time on a 
nanosecond-time scale to carry out switching opera- 
tions in accordarKe with the address signal. 
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According to the present invention, if a batch erase 
test is conducted to not only the even number block 
group/odd number k>lock group but also respective 
blocks by designating a plurality of blocks and it is 
judged that the t^locks can be erased without interfer- 5 
ence with one another or, that is. only if the correspond- 
ing erase transistors are turned on, then respective 
blocte can be erased. 

Considering the above, according to the present 
invention, only if corresponding erase transistors are 10 
turned on, then it is judged that the k^locks are erasable 
and thereafter it is judged whether or not the erase tran- 
sistors carry out switching operations in accordance 
with address signals designating irxiividual t)locks to 
thereby shorten time required for erase tests. is 

Concrete means for carrying out erase tests based 
on the concept of the present invention will be described 
below. 

The present invention can provide, as a first nonvol- 
atile semiconductor memory, a non\A3latile semiconduc- so 
tor memory comprising: a memory cell array having a 
plurality of blocks consisting of a plurality of memory 
cells; t>lock address signal generation means for gener- 
ating a block address; signal for designating a block 
which data is to erased; and ; 2S 

a plurality of erase circuits provided corresponding to 
the plurality of blocks, for erasing data of the corre- 
sponding blocks in response to tiie block address sig- 
nal, respectively and characterized in that each of the 
plurality of erase circuits comprises: an erase transistor so 
operating as a switching device for supplying desired, 
predetermined voltage to tiie corresponding tHock in 
accordance with the block address signal; and an erase 
address detection circuit for outputting an erase 
address detection signal indicating whetiier the erase ss 
transistor supplies the predetermined voltage to the cor- 
responding block. 

The present invention can also provide, as a sec- 
ond nonvolatile semiconductor memory, a nonvolatile 
semiconductor memory according to the first nonvolatile 40 
semiconductor menK)ry, characterized in that each of 
the plurality of erase drcuits furtiier comprises drive sig- 
nal generation meansifdr determining whether to drive 
the erase transistor in response to an erase test signal 
sent from outside and designating a form of an erase 4S 
test and to the block address signal, and for outputting a 
transistor drive stgnjal to the erase transistor if it is deter- ^ 
mined to drive the eras^transistclr. ' J j . i t ^ * ' 

In addition, the pr^ent invention can; provide, as a 
third nonvolatile semiconductor memory, a nonvolatile so 
semicorKluctor merTx>ry according to the second norv 
volatile semiconductor memory characterized in that the 
block address signal is a binary bit string having a plu- 
rality of bits: if tiie erase test signal is turned on, each of 
the drive signal generiation means determines whether ss 
to drive a corresponding erase transistor depending on 
whether a corresponding block is an even number block 
or an odd number block in tiie memory cell array, in 
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accordance witii a least significant bit of the binary bit 
string constituting tiie block address signal, and out- 
puts, if determining that the con-esponding erase tran- 
sistor is driven, the transistor drive signal to tiie 
corresponding erase transistor; and if tiie erase test sig- 
nal is turned off, each of tiie drive signal generation 
means determines whether to drive the corresponding 
erase transistor only in accordance with the block 
address signal, and outputs, if determining tiiat tiie cor- 
responding erase transistor is drive, the transistor drive 
signal to the corresponding erase transistor. 

Moreover, the present invention can provide, as a 
fourtii nonvolatile semiconductor memory, a nonvolatile 
semiconductor memory according to the first second or 
third nonvolatile semiconductor memory, is character- 
ized in tiiat sources of a plurality of menrK>ry cells of 
each block axe connected to a source line in the t)Iock; 
and the source line is connected to a corresponding 
erase transistor and the predetermined voltage is sup- 
plied to tiie source line. 

Furtiiermore, the present invention can provide, as 
a fifth nonvolatile semiconductor memory, a nonvolatile 
semiconductor menKdry according to the first second or 
third nonvolatile semiconductor memory is character- 
ized in tiiat gates of a plurality of memory cells of each 
block are connected to an erase line; and the erase line 
IS connected to a corresponding erase transistor and 
the predetermined voltage is supplied to tiie erase line. 

Additionally, the present invention can provide, as a 
block erase test method in tiie third, fourtii and f iftii non- 
volatile semiconductor memories, a block erase test 
method in a ncxivolatile semiconductor memory charac- 
terized by comprising: a first step of erasing data of one 
of an even number Uock group consisting of even 
number blocks and an odd number block group consist- 
ing of odd nun^r blocks; a second step of confirming 
tiiat data of one off the even number block group and tiie 
odd number block group is completely erased and that 
the one block group and a remaining block group do not 
interfere witii each other; a tiiird step of erasing data of 
tiie renr^nlng block group out of the even number block 
group and the odd number bkx:k group; a fourth step of 
confirming that data of: tiie remaining block group is 
completely erased; and a f iftii step of detecting whetiier 
the corresponding erase transistor is turned on in 
accordance with an address signal designating each of 
tiie plurality of blocte. 

It is possible tiiat tiie fourtii step is a step of con- 
firming that data of the remaining block group is com- 
pletely erased and tiiat the remaining block groip and 
the one block group do not interfere with each other. 

Prief Pgscriptipn of the Prawinfls 

FIQ. 1 is a tHock diagram showing tiie structure of a 
nonvolatile semiconductor memory in the first emkxxli- 
ment according to the present invention. 

FIQ. 2 shows a memory cell array in tiie first 
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embodimdnt. 

FIG. 3 shows the structure of an erase circuit in the 
first embodiment 

FIG. 4 is a specific example showing the structure 
of an erase address detection circuit in the first emt)od- s 
imenL 

FIG. 5 is a specific exanple showing the stnjcture 
of an erase address detection circuit in the second 
en^odiment according to the present invention. 

FIG. 6 is a specific exanple showing the structure io 
of an erase address detection circuit In the third embod- 
iment according to the present invention. 

FIG. 7 shows a memory cell array and block units in 
the fourth embodiment according to the present inven- 
tion. ,5 

FIG. 8 stTows the structure of a memory cell in the 
fifth embodiment accorcfing to the present invention. 

FIG. 9 shows a memory cell anay in the fifth 
emfc^odiment. 

FIG. 1 0 shows a memory cell an^ay and block units 20 
in a sixth embodiment aocorcfing to the present inven- 
tion. 

FIG. 11 is a block diagram showing the structure of 
an erase address detection droit in the sixth err^3odt- 
ment. 25 

FIG. 12 is a specif ic example showing the structure 
of an erase address detection circuit in the sixth embod- 
iment 

FIG. 13 is another specific exanrple showing the 
structure of the erase address detection drcuit in the 30 
sixth en^xxfiment. 

Detailed Description of th e Prefened Embodiments 

A nonvolatile semiconductor memory in the first embod- 35 
iment according to the present invention conprises a 
memory cell array 10 consisting of a plurality of blocks 
BO to B31, Ijlock address signal generation means 20 
and a plurality of erase drcuits EO to E31 corresponding 
to the pluraRty of blocks BO to B31 , as shown in FIG. 1 . 40 
As shown In FIG. 2, the memory cell array 10 has mem- 
ory cells 1 2io which a plurality of word lines 13, bit lines 
14 and source lines 15 are connected, respectively. 
Each block (BO to 831} 1 1 consists of memory cells 12, 
to which one word line 13 is connected. That is, in this 45 
embodiment, each block 1 1 is equivalent to one row of 
the nwmory cell array 10. Predetermined vdtage is sup- 
plied to a source line 15 of each block i 1 by an erase 
transistor which will be described later. In the menwry 
cell anay 10. even number block BO, B2, B4 ... B30 are so 
refen-ed to as blocks in an even number block group and 
odd number blocks B1. B3. B5 ... B31 are refen^ed to as 
t>locks in an odd number block groMp. 

The block address signal generation means 20 
generates a block address signal for designating a block ss 
11 which data is to be erased and outputs the block 
address signal to drive signal generation means 
induded in an erase drcuit conesponding to the desig- 



nated block 11, which will be descn*bed later. In this 
embodiment a block address signal is a binary bit string 
consisting of a plurality of bits. 

Each erase drcuit (EO to E31) 30 consists of an 
erase transistor 31, drive signal generation means 32 
and an erase address detection drcuit 33, as shown in 
FIG. 3. 

More specifically, the erase transistor 31 operates 
as a switching device. That is, the transistor is driven by 
a transistor drive signal, which will be descril^ed later, 
and supplies predetermined voltage to a source line 15 
of a corresponding block BO to B1 1 when the erase tran- 
sistor 31 carries out an erase opmtion. 

The drive signal generation means 32 determines 
whether to drive the erase transistor 31 in response to 
both a block address signal outputted from the trfock 
address signal generation means and an erase test sig- 
nal supplied from the outside. If it is determined that the 
erase transistor 31 should be driven, the drive signal 
gmeration rheans 32 outputs a transistor drive signal to 
the erase transistor 31. In this embocGment the erase 
test signal is tumed on if an erase test for batch-erasing 
either the even ruimber blocks or the odd number 
blocks. The erase test signal is tumed off if respective 
bbcks are erased by designating them in a unfvocal 
manner. Following this, if the erase test signal is turned 
on, the drive signaj generation mean^ 32 determines 
that either the odd number block grpup^ or the even 
number block group is batch-designat<kJ in accordance 
with -0" or "1 - indicated by the least significant bit in the 
binary bit string constituting the block address signal. If 
the con-esponding block is in the designated block 
group, the drive signal generation means 32 outputs the 
above-mentioned transistor drive signal to the erase 
transistor 31. Meanwhile, if the erase signal is turned 
off. the drive signal generation means 32 determines 
whether to drive the erase transistor 31 in accordance 
with all of the bits of the binary bit string constituting the 
block address signal. As can be understood from the 
above description, if the test signal is turned on, values 
of bits other than the least significant bit In the binary bit 
string constituting the block address signal can be freely 
chosen. They do not Influence the determination of 
whether to drive an erase transistor 31. 

The erase address detection drcuit 33 detects 
whether or not the erase transistor 31 ' is 'turned on in 
accordance with the transistor drive signal from the 
drive signal generation means 32. That is. It detects 
whether or not the erase transistor 31 jsupplies prede- 
tennined voltage toj; the corresponding block 11.. The 
erase address detection drcuK 33 thjenj outputs the 
detection result as an erase address detection signal to 
determination means (not shown). ■ 

More specifically, as shown in FIG. 4, the erase 
address detection drcuit 33 comprises a transistor 332 
and a resistor 333. The gate of the transistor 332 is con- 
nected to the gate of the erase transistor 31. The erase 
address detection drcuit 33 having such a structure out- 



<EP_oe44ei 9A2_i_> 



4 



7 



EP0 844 619 A2 



8 



puts power supply vottage Vpp to the determination 
means (not shown) from a node between the drain of 
the transistor 332 and the resistor 333 when the erase 
transi^or 31 is turned on. 

A t^ock erase test method comprising the following 
first to fifth steps can be conducted in the nonvolatile 
semiconductor memory having the above-stated struc- 
ture in the first embodiment. 

Namely, in the first step* a test signal is turned on, 
the even number block group (or odd number block 
group) is designated and an erase test is conducted to 
batch-erase tiie even numt^er t^lock group (or odd 
number block group). 

In the second step, it is verified that the even 
nunnt>er block group (or odd number block group) is nor- 
mally erased in the first stqp» and that the even number 
block group (or odd number block group) and the odd 
number tAock group (or even number block group) do 
not interfere with each other. After verification, (or 
"0") is written to all of the blocks. 

In the third step, a test signal is tumed on. the odd 
number k^ock group (or even number block group) is 
designated and an erase test is conducted to batch- 
erase the odd number block group (or even nurr^er 
block group). 

In the fourth step, it is verified that the odd number 
t>lock group (or even number block group) is normally 
erased in the third step. After verification, "1" (or "0") is 
written to all of the blocks. 

In the above^ted example, it is verified tiiat the 
even number t^lock group and the odd number block 
group do not interfere witii each other in the second 
step. Therefore, it is riot verified that the odd rujnriber 
k)lock group and the even number block group do not 
interfere with each dtheir in the fourth step.' However, if it 
is considered that adjacent blocks are connected to 
each other or interfere with each other like a diode, it 
may be verified that the odd number block group (or 
even numt)er blocks group) is normally erased and that 
the odd number block group (or even number tslock 
group) and the even number block group (or odd 
number block group) do not interfere with each other in 
the fourth step. 

If it is confirmed ttiat erase operation is nomnally 
conducted only if the erase transistor is turned on in the 
first to fburtii steps, the following fifth step is conducted. 
It is noted thiat verification Mrite operations are carried 
out using a structure i(not shown) conventionally pro- 
vided in the nonvolatile semicorxiuctor nrienxary in the 
second arxJ fourth steps. ' 

In the fifth step, a test signal is turned off. it is deter- 
mined whether or not erase transistors 31 are tumed on 
in accordance wtUi| block address signals designating 
the corresponding ! blocks BO to B31, respectively. In 
which order the block address signals designate the 
plurality of blocks BO to B31 or the like can be arisitrarily 
set I j ! > ' • ; . 

According to the test method descra>ed above, it is 



corrf irmed tiiat blocks are erasable only if tine erase tran- 
sistors 31 are tumed on, respectively in the first to fourth 
steps. Therefore, in the fifth step, there is no need to 
waste time by waiting until k^ock erasure is conrtpleted. It 

5 is only necessary to detect whetiier the erase transistor 
31 is tumed on. Due to this, rf time required for erasing 
data orKe is about two seconds, ft takes about four sec- 
orKls to erase the even number t>lock group arvj the odd 
number t>lock groups. Meanwhile, the switching of the 

10 erase transistor 31 Is conducted at timing on a nanosec- 
ond-time scale and is negligit)le when considering erase 
time As a result, in the block erase test method accord- 
ing to the present invention, it takes about four seconds 
to complete the test By contrast, in the conventional 

IS method, it takes about 64 seconds if block erase tests 
are conducted to blocks individually. As can be under- 
stood from the comparison, the present invention can 
shorten time by about one minute per memory cell 
an-ay. 

20 A nonvolatile semiconductor memory in the second 
embodiment according to tiie present invention is a 
modified version of that in tfie first embodiment Ele- 
ments in this embodiment are the same as those in the 
first embodiment except for an erase address detection 

25 circuit. Descrqstion thereto will not be therefore given. 

The nonvolatile semiconductor memory in the sec- 
ond embodiment is characterized by comprising an 
erase address detection circuit 33a as shown in FIG. 5. 
To be specific, the erase address detection circuit 33a 

30 consists of an inverter and inputs the potential of the 
drain of the erase transistor 31 . 

In tiie nonvolatile semiconductor memory having 
the erase address detection circuit 33a of such a struc- 
ture, therefore, if an erase transistor 31 is tumed on, 

35 is outputted to the determination means. As a result it 
is possit)le to determine whether or not predetermined 
voltage is supplied to the source line. 

Operations of the otiier elements as well as the test 
method in ttiis emt)odiment are the same as those in the 

40 first errrixxliment which description will not be therefore 
given. 

As in the case of the second embodiment, a nonvol- 
atile semiconductor merrK>ry in the third embodiment 
aocording to the present invention is a modified version 

45 of that in the first embodiment and elements except for 
an erase address detection circuit in this embodiment 
are the same as those in the first embodiment There- 
fore, description will not be given thereta 

The nonvolatile semioonductor rnemory in this 

60 embodiment is characterized by comprising an erase 
address detection circuit 33b as shown in FIG. 6. To be 
specific the erase address detection circuit 33b con- 
sists of nothing more than a line connected to the gate 
of the erase transistor 31. The circuit 33b directiy 

55 observes a transistor drive signal for driving tiie erase 
transistor 31 and determines whetiier or not address 
designation is precisely conducted. 

Operations of tiie other elements as well as the test 
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method in this embodiment are the same as those in the 
first embodiment which descrption will not be therefore 
given. 

A nonvolatile semiconductor memory in the fourth 
embodiment according to the present invention differs 
from that in the first embodiment in block unit. 

Namely, in the first embodiment a block is equiva- 
1^ to one row in the memory cell array 1 0 as has been 
described with reference to FIG. 2. In this embodiment, 
a block is equivalent to two rows in the memory cell 
array 10 as shown in FIG, 7. 

In addition, in the block 16 in this embodiment two 
word lines 13 are provided for respective rows. Inde- 
pendently of each other and two source lines 151 and 
152 are integrated into one line, that is, the source lines 
151 and 152 forms a wired OR. During Ijlock erase 
operation, predetermined voltage is supplied to the inte- 
grated line through the erase transistor. 

Operations of the other elements as well as the test 
method in this embodiment are the same as those in the 
first embodiment except for the above respect Descrip- 
tion thereto will not be therefore given. 

Although this embodimem has been described as a 
verified version of the first embodiment it is of course 
applicable to the seoorKi and third embodiments. 

Furthemiore, it is possible to change the block unit 
to three rows or ntore leased on the principle of this 
en^xxiiment. 

A flash memory is exemplified as a memory cell in 
the first to fourth entfxxliments {although it is not explic- 
itly mentioned in the description but illustrated in the 
drawings). However, the memory cell should not be lim- 
ited to a flash memory. 

A nonvolatile semiconductor memory in the fifth 
embodiment according to the present invention charac- 
teristically comprises memory cells 12a as shown in 
FIG. 8, 

Specifically, the nonvolatile semiconductor memory 
in the fifth emtxxliment according to the present inven- 
tion conprises a memory cell array 10a having a struc- 
ture in which the source and drain of a memory cell 12a 
Is connected to the source and drain of the adjacent 
memory ceO 12a, respectively, as shown in FIG. 9. 

The unit of a block 1 1 in this embodiment is equiva- 
lent to one row in the memory cell array 10. In each row. 
a word line 13 operates as an erase Jine supplied with 
predeternrtined voltage from cm, erase drcuit during 
t>lock erase operation. 

Since the applicable erase circuit block erase test 
method and the like are the same in those described in 
the first to third embodiments, description thereto will 
not be given herein. 

A nonvolatile semicorxJuctor memory in the sixth 
embodiment according to the present Invention is a 
modified version of that in the fiftii embodiment. 

As can be understood with reference to FIG. 10. the 
sixth embodiment differs from the fifth embodiment in 
block unit That is, in this embodiment the unit of a 



10 



IS 



20 



25 



30 



35 



40 



45 



SO 



SS 



bfock 16 is equivalent to two rows in the memory cell 
array 10a. 

It shoukJ be noted as follows. In the fourth embodi- 
ment a source line opiates as an erase line and no 
problem occurs if connection state is simple. In this 
embodiment by contrast word lines 131 and 132 oper- 
ates as erase lines. Due to this, a short-circuit if occurs 
between the two word lines 131 and 132. has an 
adverse effect on bit address designation such as read 
and write operations. 

Therefore, in this emtxxliment an erase circuit 30a 
comprises two erase transistors 311 and 312 for supply- 
ing predetermined voltage to word Dnes. fndependentiy 
of each other. An erase address detection circuit 33a 
irputs states concerning ttie two erase transistors 311 
and 312 and outputs an erase address detection signal. 

Specif foally, the erase address detection circuit 30a 
in this embodiment is exempfified tiy efase address 
detection circuits 33a and 33b having cftruqtures shown 
in FIG. 12 and 13. respectively. 

The erase address detection circuit 33a shown in 
FIG. 12 is a two-input NAND drcuit consisting of two 
nMOS transistors and it inputs potentials of drains of the 
two erase transistors 31 1 and 312. 

The erase address detection drcuit 33b shown in 
FIG. 13 conprises two Inverters and a two-input NOR 
drcuit and it inputs potentials of drains of the two erase 
transistors 31 1 and 312. 

Each of the two erase address detection drcutts 
33a and 33b outputs "0" as an erase address detection 
dgnal if the two erase transistors 311 and 312 are 
turned on. 

Operations of tiie otiier elements as well as tiie test 
method in the nonvolatile semiconductor memory hav- 
ing the above structure in tiiis embodiment are the 
same as those in the first emtxxliment Description 
thereto will not be therefore given herein. 

In tiiis embodiment, it is described that the t»lock 
unit is equivalent to two rows in the memory cell array. It 
goes wittiout saying that the present invehtion is appli- 
cable to a case where! a block unit is elcjuivalent to tiiree 
rowsormora-i.-s, i.. :! . U:: . |{ |. • ■ 

As described so for, the preserrt Inyention can pro- 
vide a nonvolatile semiconductor memory capable of 
greatly shortening erase test time. J . j 

Assuming that , for example, a memory cell array 
consists of 32 blocks and time required for erasing block 
once is about two seconds, the overall block erase time 
is shorter than in the case of the conventional memory 
by neariy one minute. ' ! 

I- ■ ' i 

Clatms 

1 . A nonvolatile semiconductor memory comprising: 

a memory cell anray having a plurality of blocks 
consisting of a plurality of memory cells; 
t)lock address signal generation means for 
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generating a block address signal for designat- 
ing a block which data is to be erased; and 
a plurality of erase circuits provided corre- 
sponding to said plurality of blocks, for erasing 
data of the corresponding blocks in response to 
said block address signal, respectively and 
wherein 

each of said plurality of erase circuits 
comprises: 

an erase transistor operating as a switch- 
Ing device for supplying desired, predeter- 
mined voltage to the con-espondlng block 
in accordance with the block address sig- 
r)al;and 

an erase address detection circuit for out- 
putting an erase address detection signal 
indicating whether the erase transistor 
suppbes said predetermined voltage to 
said correcpondng block. 

A nonvolatile semiconduclor menrK>ry accotdir^g to 
daim 1. v^>erecn 

each of said plurality of erase circuits further 
comprises drive signal generation means for deter- 
mining whether to drive said erase transistor in 
response to an erase test signal sent from outside 
and designating a form of an erase test and to said 
block address signal. arKi lor outputting a transistor 
drive signal to said erase transistor when it is deter- 
mined to drive saki erase transistor. 



10 



15 



20 



25 



30 



each t^lock are connected to a source line in the 
block; and 

the source line is connected to a corre- 
sponding erase transistor and said predetermined 
voltage is supplied to the source line. 

5. A nonvolatile semiconductor memory according to 
daim 1, wherein 

gates of a plurality of menrory cells of each 
block are connected to an erase line; and 

the erase line is connected to a correspond- 
ing erase transistor and said predetermined voltage 
is supplied to the erase line. 



3. A nonvolatile &emkx)nductor memory according to 
daim 2, wherein 

said block address signal is a binary bit S5 
string having a plurality of bits; 

when said erase test signal is turned on. 
each of said drive signal generation means deter- 
mines whether 'to drive a corresponding erase tran- 
sistor depending on whether a corresponding block 40 
is an even number block or an odd number t>lock in 
said memory cell array, in accordance with a least 
signifteant bit 9f said binary bit string constituting 
sakl block addrjess signal, and outputs sakj transis- 
tor drive signal ^ saki corresponding erase transis- 45 
tor when the con-esporKling erase transistor is 
driven.; arxi < 

when said erase test signal Is turned off, 
each of saki drive signal generation means deter- 
mines whether to drive the corresponding erase so 
transistor only in accondance with sakJ block 
address signal, and outputs said transistor drive 
signal to said corresporx£ng erase transistor when 
the corresponding erase transistor is drive. 

65 

4. A nonvolatile semiconductor memory according to 
daim 1, wherein 

sources of a plurality of memory cells of 
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